Seed treatments with Bacillus cereus UW85 increased nodulation of soybeans in three field seasons and in three different sterilized soils in the growth chamber. In the field, 28 and 35 days after planting, UW85-treated plants had 31 to 133% more nodules than untreated plants. From 49 days after planting until seed harvest, there were no significant differences between nodulation of UW85-treated plants and untreated control plants.
We previously described Bacillus cereus UW85, a bacterium that suppresses Phytophthora damping-off of alfalfa seedlings in the laboratory and in the field (7, 8) . While conducting field experiments to examine the ability of UW85 to colonize the rhizosphere of soybeans, we observed that UW85 seed treatments increased soybean nodulation. Here we report that UW85 increases nodulation of soybeans in the field and in sterilized soil in the growth chamber. Our results suggest that the ability of UW85 to suppress disease is not the only mechanism by which it can improve plant health.
Bacterial strains used in this study included the wild-type B. cereus UW85 (ATCC 53522); UW85nl and UW85s1, which are spontaneous neomycin-and streptomycin-resistant mutants of UW85, respectively (6) compared with that of the untreated control at P = 0.05 (data not shown). Increased nodulation of UW85-treated plants appears to be transient, since no significant differences (P > 0.1) in nodulation among the treatments were detected 42 and 49 days after planting (Table 1 ). In the 1987 experiment, from 49 days after planting until seed harvest, no significant differences in nodulation among treatments were observed (data not shown).
To determine whether UW85 would enhance the nodulation of soybeans grown in the laboratory, we applied it to soybeans inoculated with 5.5 x 105 to 1.4 x 106 cells of B.
japonicum USDA 110 and grown in sterilized soil-vermiculite mixtures. The ability of UW85 seed treatments to increase nodulation does not appear, from our data, to be dependent on the indigenous flora or on soil type, since we observed increases in nodulation with all sterilized soilvermiculite mixtures used in the laboratory (Table 2) . Overall, UW85 seed treatments increased the number of nodules by 34 to 61% compared with those of untreated plants (Table  2 ). In the silt-loam soil, UW85 significantly (P = 0.05) increased nodule mass by 33% (6; data not shown), whereas experiments with a Plainfield sand-vermiculite mixture (experiment 3), the ARA of UW85-treated plants was significantly greater than that of the untreated control plants at P = 0.06, while the rest of the experiments showed significant differences in ARA at P = 0.05 (6; data not shown).
In conclusion, we have shown that UW85 seed treatments increased the nodulation of soybeans in three field seasons and in laboratory experiments and that increased ARA was usually associated with increased nodulation in the laboratory. The 1986 and 1989 field experiments that showed the ability of UW85 to increase nodulation under field conditions in which no Phytophthora or Pythium disease was detectable (6) and our growth chamber experiments with sterilized soil ( Table 2 ) show conclusively that nodulation enhancement does not depend on the suppression of Phytophthora or Pythium disease. Enhanced nodulation between 21 and 35 days after planting could increase the amount of nitrogen available to the plant and thereby improve plant growth.
The ability of UW85 to enhance nodulation in a sterilized soil suggests that UW85 has a direct effect on either the bradyrhizobia or the plant. In contrast to previous reports of microbes that enhance nodulation (1-3, 5, 9, 11, 14, 21, 23) , enhancement of nodulation of plants in the field by UW85 did not require coinoculation with B. japonicum. UW85 treatments increased nodulation within 21 to 28 days after planting. Since soybean nodules appear 10 to 12 days after the initiation of nodulation, UW85 likely affects the nodulation process soon after planting by stimulating bradyrhizobial infections or by suppressing the abortion of infections. Other microbes produce similar effects by deforming root hairs (15) , producing toxins (14) , or enhancing phosphorous nutrition (5, 20) .
Bacterial inoculants are used to improve crop performance by stimulating plant growth (2, 12, 13, 16) , by increasing nutrient availability for the plants (4, 20) , or by suppressing plant diseases (7, 10, 17, 18) . Our results suggest that UW85 as a seed inoculant may have the potential to enhance the nitrogen status of soybeans. Further work will address the mechanism by which UW85 transiently enhances the nodulation of soybeans and the consequences of increased nodulation on plant productivity.
